Objective. This study aims to highlight the challenges in the diagnosis of hyperparathyroidism (HPT) in patients with advanced chronic kidney disease (CKD). Methods. In this report, we describe a middle-aged Filipino gentleman with underlying CKD who presented with intractable nausea, vomiting, severe and medically refractory hypercalcaemia and parathyroid hormone (PTH) concentrations in excess of 2400 pg/mL. The underlying pathophysiology as well as the aetiologies and current relevant literature are discussed. We also suggest an appropriate diagnostic approach to identify and promptly treat patients with CKD, HPT and hypercalcaemia. Results. Evaluation confirmed the presence of a large parathyroid adenoma; HPT and hypercalcaemia resolved rapidly following resection. Conclusion. This case report is remarkable for its severe hypercalcaemia requiring haemodialysis, large adenoma size, acute-on-chronic kidney injury and markedly elevated PTH concentration in association with primary HPT in CKD.
Introduction
Parathyroid hormone (PTH) is an 84-amino-acid polypeptide that increases serum calcium concentration by increasing calcium reabsorption in the thick ascending limb of the nephron, increasing activated vitamin D (calcitriol) production and indirectly increasing bone reabsorption. Primary hyperparathyroidism (HPT) is a common condition, frequently suspected after routine biochemistry testing reveals hypercalcaemia [1] . Other associated abnormalities include hypophosphataemia and hypomagnesaemia. The cardinal clinical manifestations of primary HPT include nephrolithiasis, bone pain, impaired bone mineralization and non-specific neuropsychiatric symptoms [1, 2] .
In primary HPT, average intact PTH concentrations are ∼120 pg/mL (normal = 10-65 pg/mL) with an average serum calcium concentration <11.5 mg/dL (2.87 mmol/L) [3] . The remaining 10-20% of patients has normal or only minimally elevated PTH concentrations, which are abnormal in the setting of hypercalcaemia. Primary HPT results from dysregulation of PTH secretion, which tends not to be completely autonomous (i.e. partial inhibition occurs with increasing serum calcium concentrations). The incidence is ∼4/100 000 [4] , with women affected twice as frequently as men. The aetiology of primary HPT includes adenoma, carcinoma, glandular hyperplasia, radiation exposure, multiple endocrine neoplasia syndromes and sporadic genetic mutations [5] [6] [7] . Adenoma-usually single but possibly double-accounts for ∼94% of the cases of primary HPT. These adenomas are comprised of parathyroid chief cells, are usually encapsulated and may be surrounded by normal parathyroid tissue [8] . The remaining ∼6% of primary HPT cases involve multiple gland hyperplasia or parathyroid carcinoma [9] .
Secondary HPT is a clinically distinct entity accompanying chronic kidney disease (CKD), typically caused by mild phosphate retention and/or reduced production of 1,25-dihydroxyvitamin D; the latter of which is caused by nutritional vitamin D deficiency and/or impaired 1α-hydroxylation of 25-hydroxyvitamin D due to impaired kidney function. Typically, serum calcium concentrations are normal or slightly low in secondary HPT.
Herein, we present the case of a 55-year-old Filipino man with profoundly elevated PTH and hypercalcaemia requiring haemodialysis who presented with nausea and vomiting and was found to have a parathyroid adenoma.
A 55-year-old Filipino man with a past medical history of hypertension, hyperlipidaemia, CKD (not taking activated vitamin D derivatives or phosphate binders) and coronary artery disease presented to a hospital in the Philippines with abdominal pain, nausea and post-prandial, non-bloody, non-bilious vomiting. His pre-hospitalization serum creatinine concentration was 3.0 mg/dL. An anterolateral ST segment elevation myocardial infarction was diagnosed, and emergent coronary angiography revealed 70% stenosis of the left anterior descending artery distal to a drugeluting stent (DES) placed ∼2 years earlier. A second DES was successfully placed, and he was discharged home on clopidogrel, aspirin, isosorbide mononitrate, metoprolol, rosuvastatin, imidapril and lansoprazole.
Four weeks prior to admission at our hospital, he was admitted to another hospital in the Philippines with intractable nausea and vomiting, fatigue, generalized weakness, constipation and a 30-lb weight loss. Symptomatic treatment was provided; on physical examination, he was noted to have a palpable left anterior neck mass. Serum chemistries showed markedly elevated serum calcium of 17.28 mg/dL and a serum creatinine of 3.8 mg/dL.
An abdominal ultrasound showed possible renal parenchymal disease, and an abdominal non-contrast computed tomography (CT) was normal except for two nonobstructing, hyper-dense foci (thought to represent stones) in the left kidney. In an attempt to treat hypercalcaemia, normal saline infusion (200 mL/h) and furosemide were begun. A narrow corrected QT (QTc) interval was observed, and he was transferred to the coronary care unit (CCU) for closer monitoring.
On the next day, the serum calcium was 14.29 mg/dL and a narrow QTc interval remained. Haemodialysis was recommended; during catheter insertion, the patient's pulse and blood pressure dropped. Atropine and a dopamine infusion were started, but the patient developed chest pain and non-sustained ventricular tachycardia followed by supraventricular tachycardia, which converted to normal sinus rhythm with intravenous amiodarone. On the same day, a neck ultrasound revealed a 4.5 × 1.2 × 1.2-cm soft tissue mass behind the left lobe of the thyroid as well as a cystic component in the inferior pole with no gross calcification.
The patient's serum calcium was 16.36 mg/dL the following day, with serum phosphorus 4.87 mg/dL. Haemodialysis was attempted, but the catheter malfunctioned. A tunnelled haemodialysis catheter was subsequently placed, but profuse bleeding at the site prohibited immediate use. In the interim, he was treated with additional normal saline, subcutaneous calcitonin and ibandronate, which lowered his serum calcium to 13.77 mg/dL. The serum creatinine increased to 4.99 mg/dL.
Approximately 3 weeks prior to admission at our hospital, he was found to have an elevated PTH of 496.2 pg/mL. Dual-energy X-ray absorptiometry demonstrated osteoporosis (spine T-score −3.28, hip T-score −2.70). 99m Tc-sestamibi injection showed abnormal radiopharmaceutical accumulation in the region of the superior and inferior left parathyroid glands suggestive of adenoma or hyperplasia. Surgical excision was recommended.
With continued hypotension requiring a continuous dopamine infusion, repeat coronary angiography was performed and showed the recently placed DES to be patent. Cardiology recommended 6 months of clopidogrel therapy before proceeding with parathyroid surgery. He was transferred out of the CCU 2 days later, and cinacalcet was started. The serum calcium initially decreased to 12.49 mg/dL (with serum phosphorus 2.9 mg/dL and serum creatinine 2.5 mg/dL), but increased to 14.69 mg/dL (with serum phosphorus 2.9 mg/dL and serum creatinine 2.6 mg/ dL) 2 days later, after which his cinacalcet dose was doubled and another dose of intravenous ibandronate was given. An interdisciplinary care conference concluded that continued medical management of the patient's hypercalcaemia was ineffective. The family requested that the patient be transferred to our hospital for surgery.
In preparation for surgery, a contrast CT scan of the head, neck and thorax showed a 1.8 × 1.4 × 4.5-cm heterogeneously enhancing, well-defined mass lesion spanning the posterior aspect of the left thyroid lobe. Mild compression of the trachea with slight rightward deviation was present. Repeat PTH was 1142.89 pg/mL. Approximately 1 week prior to admission at our institution, he received another dose of intravenous ibandronate and underwent haemodialysis, which lowered the serum calcium from 16.16 mg/dL (with the pre-dialysis serum creatinine 3.0 mg/dL) to 14.97 mg/dL. The following day, his total serum calcium was 17.28 mg/dL and he developed a fever; vancomycin was started for presumed tunnelled catheter infection. A new permanent haemodialysis catheter was inserted, and he underwent daily haemodialysis, which lowered his total serum calcium to 12.97 mg/dL. He was subsequently transferred.
Upon admission to our hospital, the patient's serum calcium was 15.0 mg/dL. The PTH was 1347 pg/mL and increased to 1890 pg/mL the following day. Ultrasound of the thyroid (Figure 1 ) showed a normal thyroid gland with a 3.7 × 1 × 1.3-cm left lobe and a 4.4 × 1.3 × 1.8-cm right lobe. A large, elongated, hypoechoic, hypervascular mass with internal cystic change measuring 5 × 1.7 × 1 cm was found behind the entire left lobe of the thyroid. Intravenous fluids, furosemide and subcutaneous calcitonin were begun. Serum calcium initially fell to 13.4 mg/dL (with serum phosphorus 4.8 mg/dL) but rose again to 15.7 mg/dL (with serum phosphorus 5.0 mg/dL), and haemodialysis was re-initiated.
Based on a working diagnosis of parathyroid carcinoma, the patient underwent the planned left parathyroidectomy with concomitant left thyroid lobectomy on the following day. Intraoperative PTH was 2462 pg/mL prior to incision, which decreased to 310 pg/mL immediately after removal and to 144.5 pg/mL within 10 min after removal. Gross pathologic findings included a 4-cm, in greatest dimension, portion of left thyroid with a 3.7 × 1.8 × 1.8-cm solitary abnormal parathyroid gland weighing 2 g. Microscopic examination ( Figure 2 ) revealed a densely cellular proliferation of neoplastic chief cells demonstrating uniformly round, regu-lar nuclei with smooth nuclear membranes, small variably prominent nucleoli and abundant granular cytoplasm. Features (as proposed by Schantz and Castleman in [10] ) suspicious for carcinoma-thick tumour capsule, invasion into adjacent tissues, dense sclerosis within tumour and increased mitotic figures (>1/high-power field)-were noticeably absent.
One day after surgery, the PTH declined to 7 pg/mL and the serum calcium declined to 12.1 mg/dL (with serum phosphorus 3.5 mg/dL). His calcium continued to decline until 4 days after discharge with a total serum calcium of 8.2 mg/dL (with serum phosphorus 1.8 mg/dL) ( Figure 3) . His serum calcium remained stable at 8.7 mg/dL ∼6 months after discharge. He required no calcium or phosphorus supplementation.
The serum creatinine at admission to our hospital was 3.1 mg/dL. Ultrasound of the kidneys and bladder with Doppler revealed normal-sized kidneys (11.6 cm right long axis diameter, 11.4 cm left long axis diameter) exhibiting minimal bilateral pelviectasis. A minimally complex cyst with a septa measuring ∼13 × 16 × 12 mm in diameter and a second small, simple cyst measuring ∼8 × 10 × 9 mm in diameter were found in the left kidney. Numerous, scattered, echogenic foci were seen within the kidneys bilaterally, which may reflect small calcified renal stones. However, there was no evidence for obstruction. The pa- tient has done well with a serum creatinine of 1.5 mg/dL ∼6 months after discharge.
Discussion
In this report, we described a case of a middle-aged Filipino man with severe hypercalcaemia-refractory to volume expansion, loop diuretics, bisphosphonates, calcimimetics and haemodialysis-with PTH concentrations in excess of 2400 pg/mL. Diagnostic evaluation confirmed the presence of an extremely large (2 g) parathyroid adenoma. HPT and hypercalcaemia resolved rapidly following adenoma resection. We believe that our patient's findings reflect the most severe clinical manifestations of primary (in contrast to tertiary) HPT ever described in a patient with CKD.
While HPT caused by parathyroid adenoma is common, this case is novel for several reasons. First, severe hypercalcaemia is rare in primary HPT. This degree of hypercalcaemia results only when primary HPT is exceptionally severe (this case) or when tertiary HPT (autonomous PTH hypersecretion after long-standing renal insufficiency) develops. Vasoconstriction induced by severe hypercalcaemia is an important contributing cause of the acute renal failure observed in this patient. The resultant decline in glomerular filtration rate (GFR) most likely accounted for his normal to slightly elevated serum phosphorus concentrations, which are typically low-normal in primary HPT. Indeed, as the patient's hypercalcaemia and kidney function worsened on transfer to our institution, his hyperphosphataemia worsened as well with the serum phosphorus reaching a peak of 5.6 mg/dL on the day of surgery. In the setting of hypercalcaemia where primary or tertiary HPT is suspected, physicians should investigate other aetiologies (e.g. malignancy, thiazide or lithium use, milkalkali syndrome, hypervitaminosis D and granulomatous disease) in addition to HPT (Table 1) . Iatrogenic hypercalcaemia can also result from use of high-dose oral calcium and activated vitamin D derivatives, which are commonly given to patients with end-stage renal disease but are rarely used in patients with lesser degrees of impaired kidney function.
Second, the markedly elevated PTH concentration (>2400 pg/mL) observed in this case is more typical of secondary (or tertiary) HPT. We are confident in the accuracy of these values; at our institution, PTH was measured using a non-competitive immunoassay (Immulite 2000, Siemens Medical Solutions Diagnostics, Newark, DE) with precision documented at 5% CV and linearity verified across the analytically measurable range of 3-2500 pg/ml (R 2 = 0.99). In a recent series of 80 patients with primary HPT from adenoma, the highest reported PTH concentration was 2578 pg/mL [11] .
Third, the size of this patient's parathyroid adenoma was quite large. In primary HPT, adenoma size is an important determinant of disease severity, but the reason for the large variation (100-fold) in size is unknown. Two recent studies reported normal parathyroid glands weights from 62.4 ± 31.6 mg [12] and from 42.6 ± 20.3 mg [13] , respectively. The mean parathyroid adenoma weight was 553.7 ± 520.5 mg [12] . This patient's parathyroid adenoma weighed 2 g, making it significantly larger than most reported parathy- [14, 15] . Fourth, this patient suffered acute-on-chronic renal failure, most likely due to hypercalcaemia (peaking at more than 17.0 mg/dL). Serum calcium concentrations from 12.0 to 15.0 mg/dL have been shown to decrease GFR by direct vasoconstriction and natriuresis leading to volume depletion and pre-renal azotemia [16] . Additionally, aquaporin-2 downregulation along with tubulointerstitial injury resulting in impaired osmotic gradient formation may preclude effective urine concentrating mechanisms [17] . In addition to impaired kidney function related to hypercalcaemia-induced vasoconstriction, nephrocalcinosis and possibly acute tubular necrosis (associated with radiocontrast administration and/or hypotension) may have contributed to the acute kidney injury.
Rather than an exceptional case of primary HPT, most of this patient's clinical features are more consistent with either tertiary HPT or parathyroid carcinoma. Parathyroid carcinoma accounted for only 0.74% of more than 22 000 cases of 'primary HPT' in a large retrospective study [8] . Total serum calcium concentrations were >14 mg/dL in more than two-thirds of carcinoma cases [9, 18] . Nephrolithiasis, nephrocalcinosis and impaired kidney function are found in 32-80% of patients with parathyroid carcinoma compared with 4-18% in benign primary HPT [19] . In this case, there was no evidence of malignancy.
All physicians encountering patients with HPT must be familiar with the multiple aetiologies of hypercalcaemia and understand that ionized calcium is typically maintained in the normal range unless CKD is quite advanced (GFR well below 30 mL/min/1.73 m 2 ) [20] . While uncommon, hypercalcaemia and HPT may exist concurrently from unrelated aetiologies. Malignancies, including multiple myeloma, non-Hodgkin's lymphoma and tumours metastatic to bone can lead to frank or relative hypercalcaemia. However, elevated PTH concentrations typically only occur with concomitant primary HPT (adenoma, carcinoma), and current assays are able to distinguish PTH from rare PTH-related peptide-secreting neoplasms [21] . Thiazide diuretics [22] , oral calcium supplementation (including milk-alkali syndrome) and hypervitaminosis D can also result in iatrogenic, PTH-independent hypercalcaemia.
If HPT is confirmed, secondary HPT should be entertained. While most patients with moderate to advanced CKD and evidence of elevated PTH have normal or low serum calcium concentrations, a fraction with low bone turnover may have mild hypercalcaemia. More commonly, iatrogenic hypercalcaemia develops from overzealous management of hyperphosphataemia with calcium-based phosphate binders (calcium carbonate and acetate) and activated vitamin D derivatives. When secondary HPT is refractory to medical therapy and/or PTH fails to suppress in the presence of hypercalcaemia (as in this case), tertiary HPT should be suspected. Subtotal parathyroidectomy should be considered in patients with signs or symptoms referable to HPT, including calcific uremic arteriolopathy (calciphylaxis), fracture, bone pain, myopathy, neuropathy, recalcitrant pruritus or refractory hypertension.
While secondary HPT is the dominant disorder of parathyroid structure and function in patients with CKD, hypercalcaemia in the absence of culprit medications and/or non-suppression of PTH should direct clinicians toward 'non-secondary' HPT-either tertiary or, as in this case, primary. The latter may co-exist with secondary HPT and be more subtle and difficult to diagnose. This case illustrates the importance of understanding endogenous and iatrogenic aetiologies of hypercalcaemia and HPT along with an effective diagnostic approach to identify and promptly treat patients with this severe syndrome.
